Objective: To demonstrate how a human-centered service design approach can generate practical tools for good-quality childbirth care in low-resource settings.
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of service prototypes and/or tools that improve or enable new interactions between communities and health facilities. These tools were designed using an approach that applies humancentered design methods to co-design solutions together with end users. This paper reports on the development process. The PSB tools developed as a result are described in Salgado et al. 4 
| Service design process as a tool to engage users and stakeholders in service innovation
The approach used to design the PSB service tools and concept is called service design, which is an emerging discipline focused on ideating, defining, and implementing services using a customer centric approach. 5 The service design process aims to innovate and improve new or existing services to make them more useful, desirable, and usable to the customer while ensuring efficiency and effectiveness to the service provider. While the consumer service sector uses the term "customer," we refer to the term "client" or "user" when discussing services related to maternal and newborn health. 6 The holistic and multidisciplinary approach of service design enables teams to develop services that take the functional, emotional, tangible, and intangible aspects of services into account. 5 The multidisciplinary approach refers to the application of different expertise in the design process, including experts in service design, product design, research, and applied public health. Holistic means that service design looks at the client perspective, the provider perspective, and the health system perspective.
The "service" in service design refers to a series of interactions between providers and users of a service. Given that services are intangible, ephemeral, 7 and dependent on the particular needs of each person using them, the service design approach examines both conscious and unconscious needs, as well as the experiences and desire of clients. To accomplish this, service designers use a range of methods and tools to identify key moments for users accessing services, and the quality of experiences in those moments. For example, a typical customer journey through a particular service can be used to map and identify these key moments ("touchpoints"), and the kinds of experiences that are generated though interactions between customers and service providers in those moments.
The range of methods used provides a deep and textured understanding of the user experience across time, and during service touchpoints. It also encourages consideration both of the needs of the customer, and of the requirement to maintain integration of the service within the existing ecosystem of the service environment. A service designer seeks to visualize and express what other people cannot see, and to envisage solutions that do not yet exist. This is done through the observation and interpretation of needs and behaviors, and then by transforming all this information into possible future services, as well as by evaluating the quality of the resulting new design. 8 Miettinen et al. 9 compare different service processes and design phases, and conclude that models vary in the number and accuracy of their phases. The British Design Council synthesized a design process ("double diamond process"), which has four key phases: Discover, Define, Develop, and Deliver. 10 The discovery phase consists of research on user needs, markets, opportunities, and initial ideas. The define phase identifies and aligns needs and opportunities with the system or service environment and organizational goals in order to define concrete service concepts. In the develop phase, service concepts are prototyped, tested, and iterated with users and stakeholders. In the deliver phase, the service or product is finalized and made ready to launch. Service design processes apply these four key phases as a minimum, and involve users and stakeholder in as many of the phases as possible.
A human-centered service design approach has been used previously to address healthcare challenges, and has been successful in improving the creative process, the service provided, the project management, and the organizational culture. 11 For example, the cardboard hospital project in Finland used a service design approach to prototype patient-centric environments and services for hospitals, by building a 1:1 scale hospital wing with human size props and tools. 12 This model was used for prototyping and recreating real and imaginary situations in workshops with health practitioners, designers, architects, and patients. 12 The Nurse Knowledge Exchange Systems Initiative redesigned the face-to-face handover between nurses in California, USA, using a human-centered design approach to improve nursing culture and shift change practices. 13 Van Deventer et al. 14 describe the benefits of using Experience Based Co-Design (EBCD) in South Africa to engage caregivers of malnourished or HIV-positive children to enhance hospital-based quality improvement interventions. However, the approach has not been used before in the context of maternity care, nor has it been used in multiple low-resource sites and countries simultaneously. The present paper describes the successful application of this method in such contexts.
| MATERIALS AND METHODS

| Summary of process
The process described in this paper follows an iterative series of 16 argue that, in design situations, knowledge is necessary, but not sufficient. A deep interconnection between research and design is needed to avoid failures in the translation of knowledge into design requirements. Designers engage themselves as active participants during research activities, using design methods to understand and apply intuition, emotion, and aesthetic judgment. 16 The design research was summarized into an initial visualized journey of the woman through pregnancy and childbirth to highlight barriers, perceptions, behaviors, and actors along the journey.
The design team for this project consisted of four people with backgrounds in psychology, interaction design, and service design.
They had no previous experience with maternal health service design.
| Desk research
As a first step, the team conducted desk research to locate and review relevant journal articles, innovative design projects, and books as well as to conduct interviews with gynecologists and midwives. The desk research covered the topics set out in Box 1. Box 1 Desk research topics.
1. Maternal and perinatal mortality and morbidity in lowresource settings (12 articles).
2. Quality of care during childbirth in low-resource settings (5 articles).
3. Barriers and facilitators to quality care during childbirth in low-resource settings (3 articles).
4. Facilitators, barriers, and interventions to improve respectful maternal care (3 articles).
5. User and provider experiences with mistreatment during childbirth (13 articles).
6. User experiences of the facility referral processes-the journey from home to primary facility to referral facility (6 articles).
7. Community perceptions of pregnancy, labor, and delivery in Sub-Saharan Africa (4 articles).
8. Health behavior change in Sub-Saharan Africa (3 articles).
9. Experiences with supportive attendance during childbirth (4 articles).
Mobile and technology-driven maternal health initiatives in
Sub-Saharan Africa (10 articles).
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The design research was summarized into an initial visualized journey of the woman through pregnancy and childbirth to highlight barriers, perceptions, behaviors, and actors along the journey (Fig. 2 ). This mapping informed the subsequent design of field research activities to be conducted in Uganda and Nigeria.
| Field research
Research sites were Abuja and Akure in Nigeria and Kampala, and
Bududa districts in Uganda. In preparation for the field research, the design team developed interview guides, observational diaries, and visual tools to guide the discussions and facilitate communication between the research participants and interviewer.
The purpose of the initial field research was two-fold: to explore healthcare providers' interactions within the health system, consid- Individuals from the following eight groups were identified as participants:
1. Pregnant women in the second and third trimester.
Women during labor and childbirth and immediate postpartum
(when deemed acceptable by mother/family and considered feasible by health staff).
3.
Women and their newborn after their return to their homes.
4.
Family members of childbearing women.
Traditional birth attendants.
6. Community health workers.
7.
Hospital reception and admission staff.
Facility-based nurses, midwives, and doctors.
Women were recruited to participate through local partners, including community leaders and community health workers. Since a woman's decisions regarding care-seeking during pregnancy and childbirth are often influenced by her significant others, other stakeholders were included in the interviews such as husbands/male partners, in-laws, heads of households, other family members, and
Christian and Muslim religious leaders. These participants were recruited through the women who participated in the interviews, and • Lack of power to execute ANC advices, e.g. nutritional guidelines, due to male dominant decisions inside the family.
• Women wished for more information: Women did not get to know if the pregnancy was normal, when was the baby due and how far in the pregnancy they were.
• Long queuing times? Turned away without seeing a midwife/nurse? • Confusing advices: come when there is pain and then turned away
Barriers due to lack of attendance:
• No or late attendance to antenatal care causes maternal deaths.
• Dangers are often perceived to be due to supernatural interference. -> Supernatural cause is a reason to refrain from hospital -> lead to traditional treatment.
• A part of the risk indicators are not perceived dangerous: linking, breech presentation, uterine size, gestational age, twin pregnancy. Also a long list of symptoms are not considered medical risk factors: headache, dizziness, fatigue and abdominal pain. Self-treatment and traditional treatment (even harmful) is common. Often physical rest is an adequate treatment.
• Without antenatal care information, women continue to avoid medical health care -> home delivery even when the hospital care is needed • Previous birth experiences: Bad experience in facilities or "everything went well why not this time"
the interviewer asked the women if their husbands/partners and/or other family members were available for participation in a separate interview. They participated in the interviews with the spouse present and also independently. From each of the selected health facilities, facility administrators, heads of the obstetrics and gynecology departments, midwives in charge of maternity units, or the heads of hospitals participated in in-depth interviews and workshops.
In total across Nigeria and Uganda, the design team conducted 90
interviews, 12 hours of observation in maternity wards, and 15 group discussions. Interviews and group discussions were audio recorded and transcribed for the analysis process, along with interviewer and observer field notes. 
| Ethical considerations
| Data analysis
Data analysis workshops
The design team conducted the first field research activities in (Fig. 3) . Additionally, the team created a shared spreadsheet document to collate insightful quotes from the interviews and group discussions, ideas, and observations. These insights were then combined in several evaluation workshops where different visualization methods, such as mind mapping 17 and affinity diagramming 18 were used. A mind map is a diagram used to organize information and was created around key concepts emerging from the data. From these key concepts, other ideas are connected directly to the central concepts, and other ideas branch out from those. Affinity diagramming is a collaborative way to cluster main insights from research using small pieces of paper. There are no pre-defined categories but the group defines them while reviewing the data gathered.
During the mapping process, the team considered the data through different lenses, such as the perspective of the stakeholders involved, as well as examining types of interactions and decisionmaking processes, and testing different representation techniques (Fig. 4) . Rapidly expressing numerous hypothetical ideas allowed them to be quickly tested. The best solutions could then be rapidly refined.
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The analysis of the interviews, observation notes, and mapping exercises resulted in the development of a set of themes summarizing the key barriers for women to receive or demand better quality of care during facility-based childbirth. These barriers were framed as narratives, and given relevant thought-provoking titles or metaphors to enhance empathic engagement with each issue by those considering it. It was felt that this also allowed participants to and more easily discuss difficult subjects, such as mistreatment during childbirth. The design team developed and iterated a set of 13 barriers (Table 1) .
Using visuals and storytelling to describe the barriers as themes was crucial in moving toward the construction of design principles. T A B L E 1 Barriers to women receiving or demanding better quality of care during facility-based childbirth.
Narrative theme Description of theme
1.
Pregnancy and childbirth have no narrative Lack of a compelling and holistic service story result in a weak macro view and a lack of better understanding of pregnancy and childbirth
2.
Endless acceptance of poor or lack of services Communities tend to express a low demand for quality of care and demonstrate high acceptance of poor or lack of services 3.
Information format error Health talks, information brochures, and other health message formats do not meet the diverse needs of women and therefore lead to poor health information retention
4.
Waiting and hoping Waiting and hoping is often the main activity in the facility when processes and outcomes are not clearly communicated to women
5.
Men are just the providers Men are perceived and accepted in the mere role as the financial provider and therefore are left as outsiders in the process of childbirth 6. Shortcuts are part of the uniform Lack of right tools, processes, and collaboration models within hard work environments have made shortcuts in care a norm
7.
The elephant in the ward Abuse is a topic that is spoken openly and commonly in the community but not addressed and discussed in the facility 8.
In God we trust Religion plays a big role in the decision-making around pregnancy and childbirth and is often a neglected factor in service planning
9.
Tools capture only samples Lack of tools to monitor, track, and document labor efficiently and reliably often results in fragmented and incomplete data for decision-making
10.
Pregnancy needs no attention Not enough attention is paid to pregnancy within communities and pain or signs of danger are often accepted and ignored as part of the norm
11.
Money buys better care
Money is perceived the key to good quality of care
12.
There is always tomorrow Delaying decisions related to health is common in low-resource settings
Lonesome in the crowd
Women are lonely with lack of peer support and forums to discuss issues F I G U R E 5 Using visuals and story-telling to develop meaningful metaphors: "the elephant in the ward." [Colour figure can be viewed at wileyonlinelibrary.com] "Elephant in the ward" as a metaphor expressing that abuse is not being discussed in the facility.
Together with involved staff from WHO, the Nigeria and Uganda project teams and the design team discussed and evaluated the relevance of each barrier against the objectives of the design project. The workshop participants then recommended a set of prioritized barriers to explore during the design process.
User journey
Another key tool in the analysis process was the user journey, which maps the key moments or touchpoints when women and their families come in touch with the health system and where experiences, expectations, and barriers are formed and shaped. 20 The design team combined the journey of the woman with the identified barriers to understand which service ideas could address a barrier in the journey. Figure 6 shows the path from the moment the woman realizes that she is pregnant, through childbirth at a health facility, until discharge from the health facility.
Developing design principles
With the insights distilled into the barriers and mapped to the journey, the design team developed a set of goals to guide the design of solutions. These goals are called design principles, which can be compared with measurable indicators that help to evaluate whether a design solution stays true to its initial purpose and objective. In the context of the PSB, design principles or goals served as a compass to guide the solution design toward concepts that would have the desired impact.
The team identified three design goals:
Shared and deeper understanding of pregnancy and childbirth:
The community shares a better understanding of pregnancy and childbirth. More attention is paid to pregnant women and their needs, and collaborative action is taken to enable women to access facility-based care. Pregnancy is openly discussed within the family and the community.
Readiness for decision-making and action:
The family has access to information and tools that prepare them for childbirth and help them make decisions or support planning. These three design goals can be imagined on a linear roadmap. While the overall objective of the PSB tools is to increase the demand for and provision of quality care, a first step was a better understanding of pregnancy and childbirth among the woman and her supporter. With a better understanding, the woman and her supporter would be ready to take action on important decisions related to care-seeking. The woman and her supporter would be able to feel more in control when in the health facility and able to express their needs and to demand high quality of care. At each step of the design process, the design ideas were evaluated against these goals to ensure that the identified insights would be translated into the design prototypes.
Feeling of control and being cared for:
| Design archetypes
A final deliverable in this phase was a set of design archetypes. Design archetypes are persona-type descriptions of user insights summarized to highlight the most relevant behavioral dimensions among a group F I G U R E 6 Touchpoints on the user journey. In this phase, facility administrators in Uganda and Nigeria particularly welcomed the comprehensive presentation of the research results and considered the format valuable and useful for a discussion around quality improvement.
| Phase 2: Concept design
Using the design principles and the design archetypes, the team moved on to a concept design phase to explore a range of ideas and solutions. During the first "ideation" stage of this phase, a long list of ideas and potential solutions was developed, without considering or assessing feasibility, viability, or usability. This open approach allowed the group to table creative and innovative solutions. These ideas were explored, developed, and evaluated via a co-design process with the target user groups. Co-design refers to the creative activity of both designers, and of people not trained in design, working together in the design development process.
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Sixteen ideation workshops with a total of 92 participants were facilitated by the design team in Nigeria and Uganda during 2014 and 2015. Where possible, the design team involved the same participants who had participated in the in-depth interviews and group discussions, to build ownership and continuity, and to ensure a responsive design process.
The ideation workshops focused on topics such as understanding both clinical and emotional needs during pregnancy and childbirth, and creating an ideal journey throughout the process of childbirth. In these workshops, participants engaged in creative exercises to build simple paper-based prototypes or role play service situations (Fig. 8) .
With the help of these prototypes, ideas were made tangible and the participants were able to discuss, critique, and evolve their preliminary concepts. Bringing together midwives and women in workshop exercises resulted in enlightening discussions, highlighting their different perspectives. This allowed for the development of tools to assist healthcare providers in providing women-centered childbirth care, and elucidated common themes to leverage for design.
| Synthesis and exploration
After the workshops were conducted and the results evaluated, the design team distilled three key areas that were amenable to solutions for better quality of care. These areas are framed as solution domains. The solution domain allows the designer to set a specific parameter, such as the issue that the solution should address. The three distilled solution domains defined for the PSB were: the Care Mediator, which aims to improve the relationship between the woman and the healthcare provider to assist with medical information and emotional support during childbirth; the Expectation Manager, which aims to increase the role of the woman's companion and create better expectations toward care to generate more autonomy during childbirth; and the Pregnancy Assistant, which aims to improve the understanding of pregnancy and childbirth among the couple and creates better communication between the pregnant woman, her partner, or family members to prepare for childbirth.
After defining the solution domains, the design team began working on designs within these domains. Over a week, the design team of the tools, and tested these prototypes in the health facilities and communities in Nigeria and Uganda.
The designer conducted usability, functionality, and desirability testing by distributing the tools to users (healthcare providers, women, and partners). Designers observed their usage of the tools, how well or not the content was understood, and how clear the purpose of the tool was to them. Workshops were also conducted to explore the most effective tone of voice, visual language, form, and functionality.
User feedback was iteratively integrated into refined tools in between workshop sessions and field work in Nigeria and Uganda. The tools were tested during two field visits to Uganda and one to Nigeria. An information designer specializing in information visualization translated the collected feedback from users into the final designs, paying attention to color, placement of information, size of font, and functionality of the tools. The content and language were also finalized with maternal health experts to ensure technical accuracy. have as open access to community-based design work as was possible in Uganda. However, engagement with health facility administrators and providers was stronger in Nigeria than in Uganda. In both countries, participants in the design process were eager and interested, but owing to gaps between the design activities and change of staff, continuity of the process was not always ideal. Active participation and ownership of the participating facilities and access to community-based design work are crucial for the success of a new service development project.
| ISSUES ARISING IN THE PROCESS
Human
| DISCUSSION
Service design is a relatively new approach in the field of maternal health, therefore it is important to clearly communicate each step in the process and engage stakeholders and users throughout the process. In this study, barriers for women to receive or demand better quality of care during facility-based childbirth were formulated as a visual narrative incorporating quotes from the research participants.
This visual narrative made the insights more tangible and approachable to the project collaborators. Participants in workshops and co-design sessions grasped the barriers quickly and prioritization activities were useful to ensure ideas and solutions were relevant and important in a certain context. In addition, the narrative style helped to discuss sensitive topics with healthcare providers, such as the mistreatment of women during childbirth, because participants did not feel that they were being evaluated or judged.
A key finding from the co-design activities was the need to improve the continuity of the relationship with design research participants. For many participants in BOLD research activities, such an active participation in a design process was new. Discussion, critique, and imaginative thinking are required to come up with ideas and design suggestions. To establish trust, a mutual understanding of the process and the dynamics of the team is necessary.
Enough time should be invested, over a short time span, to ensure the continual workflow and maintain synergy between participants, designers, and experts.
In reviewing the process, the design team concluded that the model could be executed at a faster pace-namely over a period of 2 years. To keep the synergy and flow in the design process it is crucial to spend enough time doing participatory design work and use this as inspiration for the next phase in the process. Long times within stages may separate the team too much from fresh and meaningful insights that enrich the design process. Another challenge faced in the codesign process was that healthcare providers in facilities rotate, which can create a discontinuity of ownership to the process that the design process tries to achieve among the project participants.
Despite these difficulties, the design and research activities (interviews, ideation and evaluation workshops, prototypes) were perceived as well-selected and efficient in terms of quantity and quality of data gathered. The model supported the selection of design activities and an organized documentation of the process. In addition, it helped to communicate with others in the team. This was important as the design research methods used were new in the healthcare setting.
| Strengths and limitations
Scalability was a challenge owing to the qualitative characteristics of this work, and because participatory design methods are attached to designers and their enactment of the methods, 22 their backgrounds, and preferences. Despite this, we believe that the insights, solutions, and model developed for the PSB will be relevant and transferable to other populations within Nigeria and Uganda or even beyond owing to the involvement of many different stakeholders throughout the process. The solutions have been designed to take local manufacturing and supply possibilities and constraints into consideration. An important strength of this project is the demonstration that innovative user-engagement methods to improve quality of maternity care are feasible in two low-resource settings. This project demonstrates that service-design methods can be used to design services that generate demand for quality improvement, are human-centered, and provide positive experiences for both users and providers.
We recommend that service designers use this model. Researchers could consider adopting service design methods when developing interventions to improve maternal health in low-resource settings.
| CONCLUSION
The present paper describes how a service design process can 
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